Background: Previous studies suggest that ocular disease is common among aged horses but owners may fail to identify or underestimate their clinical relevance. Objectives: To document the prevalence of owner-reported ocular disease in horses aged ≥15 years. In a subset of these horses, to document ophthalmic findings from veterinary examination and compare with owner-reported ocular disease, and to determine risk factors for veterinary ophthalmic findings. Study design: Cross-sectional study. Methods: Owners of aged horses completed a survey on management, clinical signs and medical history. Risk factors for the presence of ocular disease as reported by the owner were determined. A subset of these horses underwent an ophthalmological examination. Risk factors for the presence of ocular disease detected during this examination were determined. Agreement between owner-reported data and veterinary ophthalmic findings was assessed. Results: Abnormal ocular findings were detected in 287/327 horses aged ≥15 years that underwent a complete ophthalmic examination, whereas the presence of ocular disease as reported by the horse-owners was only 3.3%. Agreement between owner-reported ocular disease and results of the veterinary examination was low for all categories analysed. An owner-reported history of ocular discharge was associated with increased odds of veterinary-reported diminished vision. Increasing age was associated with increased odds of the presence of an eye abnormality (any) and cataracts. Appaloosa horses had increased odds of cataract compared with other breeds. Horses in work were less likely to have an eye abnormality. Main limitations: Volunteer bias may have influenced our results with owners of sick horses or those more concerned about their horses more likely to volunteer at the initial recruitment phase. Conclusions: This study showed a high prevalence of ocular lesions in aged horses which was not reflected in owner-reported disease. This has highlighted problems in obtaining information on ocular conditions from horse-owners.
Introduction
Although the exact proportion of horses and ponies aged ≥15 years in the equine population remains unknown, it has been estimated at 25-29% [1] [2] [3] [4] [5] and evidence suggests that this section of the population is increasing [6, 7] . Many old horses continue to have a useful working life so knowledge of diseases affecting them is essential to be able to provide adequate preventive or therapeutic measures to maximise their athletic career and quality of life.
Research has demonstrated a high prevalence of ocular disease in aged horses, although results have differed depending on the population sampled. One UK study reported 80.7% horses aged ≥15 presented for veterinary health checks had ocular changes [8] . Epidemiological research reported 94% of horses aged ≥15 had ocular changes, ocular discharge or reduced ocular reflexes, however, owner-reported prevalence of ocular conditions in the same group was much lower (3.5%) [9] . Similarly, studies on owner-reported ocular disorders in horses of any age have shown a much lower prevalence. Owner-reported ocular disease in horses of all ages was 7.4% in a USA survey [10] , while a similar study in Australia reported 4.2% of horses as having an ocular disorder [11] and 1% of horses were reported to have ocular disease on a survey of British owners [12] .
Aged horses are a useful group in which to study ocular disease as many ocular conditions leave permanent lesions or are progressive and so will be most prevalent in an older population [8, 9, 13] . Repeated episodes of minor trauma and low-grade inflammation lead to what some may refer to as normal ageing within the eye. These episodes have cumulative effects, resulting in ocular pathology of increasing severity with age [14] . Although it is expected that owners have less ability to identify ocular disease compared with veterinary surgeons, owner recognition of disease is important as they are the persons responsible for presenting animals for veterinary care unless routine health screens are performed. We hypothesised that there is a large amount of undetected ocular disease in this population that may cause chronic discomfort or visual deficits.
The aims of this study were to document the prevalence of ownerreported ocular disease in horses aged ≥15 years in southeast Queensland, Australia, and determine associated factors. In a subset of these horses, we aimed to document ophthalmic findings from veterinary examination and compare with owner-reported ocular disease. Finally, risk factors for veterinary ophthalmic findings were determined.
Materials and methods

Study population
Study Group 1 (survey data) consisted of horses and ponies aged ≥15 years owned by Queensland (QLD) Equestrian Federation Association (EFA) members. Full details are presented elsewhere [15] . For simplicity, all horses and ponies in this study were referred to as 'horse(s)'. A questionnaire was designed to gather data on signalment, history, owner-reported clinical signs and management practices (Supplementary Item 1).
Study Group 2 (clinical data) consisted of a subset of the population from study Group 1, whose owners had provided their name and address to indicate willingness to participate further in the study and who resided within defined geographical regions of QLD. During each visit, enrolled horses aged ≥15 years owned by the member underwent a thorough clinical examination including an ophthalmological examination.
Survey data
Owners of aged horses completed detailed surveys on management, clinical signs and medical history. Owners were asked to report on history of diseases and clinical signs exhibited by their horses over the preceding 12 months. There were also two open questions asking if the horse had any disease or disorder and if their horse has been diagnosed with any condition in the past 12 months [15] .
Clinical data
Horses were assessed for ocular responses and symmetry prior to administration of topical 1% tropicamide (Mydriacyl) a . Approximately 30 min later, a complete examination of the eye and adnexa was performed. The horses were not sedated and no eyelid nerve blocks were performed to aid the examination. Examinations were completed by a single experienced clinician (T.W.M.). Where possible, the examination was performed in a darkened stable or in a shady area. A direct and indirect ophthalmic examination was used to assess the eye. The indirect ophthalmic examinations were performed using a standard 20 dioptre hand-held lens Volk . For the survey data, owner-reported free-text responses were categorised into seven categories of ocular problems reported as being present or diagnosed in their horses: diminished vision, conjunctiva and eyelid abnormalities, corneal abnormalities, cataracts, uveitis, traumatic injury and neoplasia. An additional category, the presence of ocular discharge, was identified from a specific question about clinical signs.
For the subset of horses used for the clinical data only five categories (diminished vision, conjunctiva and eyelid abnormalities, corneal abnormalities, cataracts and uveitis) were reported by owners; therefore, analysis and comparison with veterinary ophthalmic findings was restricted to these and ocular discharge.
Data are described as proportions with 95% confidence intervals (CIs) for categorical data.
Associations between historical owner-reported ocular problems, signalment and management history and results of veterinary ocular examination were examined with logistic regression analysis. Continuous variables were assessed for linearity. Variables with P≤0.25 in the univariable analysis were included in the multivariable logistic regression models which were constructed using a step-wise backwards elimination procedure. The goodness of fit of the final models was assessed using the Hosmer-Lemeshow test statistic and the area under the receiver operating characteristic (ROC) curve. The distribution and outlier values of the standardised residuals (difference between the model predicted and actual outcome values) from each model were also assessed. The final models were repeated excluding observation with standardised residual values of <À2.0 or >2.0. Statistical significance was set at a value of P<0.05.
Comparison of the agreement between historical owner-reported ocular problems and the same categories found on veterinary clinical examination on the sample of horses was performed using kappa statistics. The categories assessed were any eye abnormality, diminished vision, conjunctiva and eyelid abnormalities, corneal abnormalities, uveitis and cataracts.
Results
Demographics
In study Group 1, completed questionnaires were received from a total of 536 Queensland horse-owners that owned a total 2873 horses. Of these, 1089 (37.9%) were horses aged ≥15 years. From this total, 974 (89.4%) had a usable survey returned. In study Group 2, a full ophthalmic examination was performed on 35.6% (347/974) of the horses from study Group 1. Data were incomplete for 8 horses leaving 339 horses with complete ocular examinations recorded (Supplementary Items 2 and 3).
Survey data and risk factors for owner-reported ocular problems (study Group 1) The prevalence of all owner-reported ocular disorders is presented in Table 1 . Ocular discharge was observed in 217 horses in the past 12 months, whereas owners reported a specific ocular problem/disease in Table 2 . Age (for every 1-year increase in age the odds of ocular discharge increased by 11%), breed (Appaloosa), owner-reported diminished vision and owner-reported corneal abnormalities were associated with an owner-reported history of ocular discharge. For the outcome variable "any owner-reported ocular problem", owner-reported history of ocular discharge and horse age was retained in the final multivariable logistic regression model. Owner-reported corneal disease was associated with owner-reported presence of ocular discharge. Owner-reported uveitis showed a positive association with owner-reported vision loss, owner-reported signs of depression in their aged horse and the coat colour being paint/appaloosa ( Table 2 ).
Frequency of ocular findings on veterinary clinical examination (study Group 2)
Overall 12/339 horses did not receive full fundic examination due to refractory behaviour. Three horses (<1%) had one eye enucleated (2 right, 1 left), one horse refused examination of the right eye only and one horse had corneal changes in the right eye that prevented further examination of that eye. Scleral lesions were grouped with corneal lesions due to the limited number of scleral lesions and all being located on the limbus. In study Group 2 the most common lesions found were abnormalities of the retina and optic nerve (84.4%), cataracts (34.3%) and corneal abnormalities (13.9%).
Abnormal symmetry of the eyes in each case was associated with facial nerve paralysis. Further details of findings of the ophthalmic examination in study Group 2 can be found on Table 3 .
Comparison of the agreement between ownerreported ocular problems and findings on veterinary clinical examination
In contrast to the veterinary ophthalmic findings, owners reported specific ocular disease in only 10 horses from Study 2: one with eyelid abnormalities, three with corneal abnormalities, three with uveitis, one with cataracts and two with diminished vision Kappa measures of agreement between owner-reported ocular disease and results of the veterinary examination were low (j≤0.2) for all categories analysed: any eye abnormality (j = 0.01), diminished vision (j = 0.09), conjunctiva and eyelid abnormalities (j = 0.06), corneal abnormalities (j = 0.06), uveitis (j = 0.02) and cataracts (j = 0.01).
Risk factors for veterinary ophthalmic findings
Univariable analysis is provided in Supplementary Item 5. The final multivariable logistic regression models are shown in Table 4 . An ownerreported history of ocular discharge was associated with increased odds of veterinary-reported eyelid and conjunctiva abnormalities, corneal abnormalities and diminished vision. Increasing age was associated with increased odds of the presence of an eye abnormality (any) and cataracts. Appaloosa horses had increased odds of cataract compared with other breeds. Horses still in work were less likely to have an eye abnormality than retired horses.
Discussion
This study demonstrates that ocular disease in our sample of horses aged ≥15 years in southeast Queensland is very common. Of the 327 horses that received a full ocular examination, 87.8% were abnormal with minor-to-severe disease. The prevalence of ophthalmological lesions in this study supports the findings from previous studies in geriatric horses in the UK which found a prevalence of between 81 and 100% [8, 9, 13] . Even though one of the studies was much smaller and based on a veterinary practice-biased cohort and the other did not include pupil dilation for full ocular examination, all three studies of aged horses showed a similarly high prevalence of disease when examined using a thorough veterinary ophthalmological examination rather than relying on owner-reported identification of lesions. A previous study in Victoria, Australia [16] , also revealed a high prevalence of ocular disease (64.8%) based on a veterinary ophthalmological examination. While this is lower than reported in this study, the population examined consisted of Thoroughbred racehorses between 2 and 9 years of age, suggesting that there may be an increase in the prevalence of ocular disease as horses become older.
Anterior segment lesions were less common than posterior segment lesions and included lesions of the cornea, iris and lens. In this study, corneal lesions were common, being observed in almost 14% of horses. This finding is in contrast with a study in the UK which showed a much lower prevalence of corneal abnormalities in aged horses [9] . In both the current and a previous UK study all the corneal lesions observed were old and no acute ulcers were observed. Corneal lesions were significantly associated with the horse having an owner-reported history of an ocular discharge. As thus, the detection of the ocular discharge by the owner may be the initiating cause for seeking veterinary consultation. Iris abnormalities were associated with owner-reported history of corneal disease. Approximately one-third of horses in this study had cataract formation in at least one eye. This is a slightly higher prevalence than has been noted in some studies of aged horses [8] but lower than others [9, 13] .
Posterior segment lesions, including abnormalities of the retina and optic nerves, were common affecting 84.4% of horses in Study 2. Despite the high prevalence of lesions, diminished vision was relatively rare. Vision [16] and old horses in the UK [8, 17] . Horses usually cope well with minor visual impairment in a familiar environment and owners may not notice their horse has a vision impediment until visual impairment is severe or there are changes in the horse's environment [18] . In addition, many of these lesions such as bullet-hole lesions (small areas of focal chorioretinitis) are typically incidental findings of no clinical significance [19] . The prevalence of owner-reported ocular lesions was markedly lower than the prevalence of ocular lesions detected by veterinary clinical ophthalmic examination. The 3.3% prevalence of owner-reported ocular lesions in this study is similar to previous UK reports of 1-3.5% [12, 17] , an Australian report of 4.2% [11] , and to 7.4% in an American survey [10] . However, this study included only aged horses, while many previous estimates have included all age groups of horses possibly suggesting that the increased prevalence of disease in older horses is not being recognised by owners. It would be anticipated that owners would not be able to detect small, incidental or mild lesions or recognise anything abnormal deep to the lens when examining the eye, so we should only expect owners to note lesions associated with obvious visible opacities or those associated with vision loss that would affect behaviour and performance. Unfortunately, no attempt was made to grade lesion severity and thus directly comparing the capacity of owners to detect some of these lesions with results of a thorough ophthalmological examination by an experienced veterinarian has to be undertaken with care. However, even considering this, the prevalence of only corneal lesions detected on ophthalmic examination was four times greater than the overall prevalence of ocular disease reported by the owners. One possible explanation is that the owners might not consider old lesions (e.g. scars) that have since healed and are not causing obvious discomfort currently to be visible evidence of ocular disease, even though they may affect vision. Failure of owners to recognise ocular disease in horses implies that owner-level data are inadequate to accurately reflect ocular disease in horses.
Ocular discharge was reported by 22% of owners in study Group 1 but only noted in 10% of horses in study Group 2. The reasons for the reduced prevalence in the smaller subpopulation (study Group 2) may relate to the questionnaire design where study Group 1 owners were asked to report on any ocular discharge in the previous 12 months, while study Group 2 only had a single veterinary examination. Ocular discharge can be the result of painful inflammatory conditions of the eye, e.g. uveitis, trauma or keratitis [20] . This was supported by a significant association between ocular discharge and any ocular problem in this study. However, it is important to note that no horses with current corneal ulcers and only two horses with active uveitis were observed during the ophthalmic examination, and these are probably the two most common causes for ocular discomfort in horses. Blockage of the tear ducts is considered common by some veterinarians and can be associated with inflammation of the tear ducts, trauma or a dusty environment [20] . Furthermore, the climate in Queensland Australia is tropical/subtropical and associated with [21] . In this study, an owner-reported history of ocular discharge was associated with age, breed (Appaloosa), athletic discipline (showjumping/eventing), owner-reported corneal disease and owner-reported reduced vision and with the veterinary findings of conjunctiva and eyelid abnormalities, corneal abnormalities and visual deficits. For some of these factors, the associations are expected. For some others, however, the explanation for this association is not immediately clear. Participation in competitions has been associated with an increased risk of traumatic injury [22] , including ocular injuries, although the reason why showjumping/eventing would pose a higher risk in our population compared with other disciplines remains unknown. While there was poor agreement between owner-reported ocular problems and the findings of the veterinary ocular exam it is important that a full ocular examination is carried out when there is an owner complaint of ocular discharge as this may be a warning sign for the presence of more serious ocular pathology. The results of this study apply to a population of aged horses in a specific geographic location and extrapolation of the findings to other populations should be made with caution. In addition, this study population was derived from horse-owners who were members of equestrian associations and is not representative of the entire population of horseowners or horses. Volunteer bias may have influenced our results with owners of sick horses or those more concerned about their horses more likely to volunteer at the initial recruitment phase (Study 1). Such a bias could skew the population towards finding an increase in prevalence of diseases. However, the converse bias may have also existed where owners deemed their horse healthy were more likely to volunteer and this might underestimate the prevalence of disease. In addition, horses for study Group 2 were selected from a defined region of Queensland and this could have also introduced a selection or geographical bias to our results. However, the low prevalence of owner-reported disease from this study as well as from previous studies on owner-reported ophthalmological findings have shown that owners may be unable to recognise many ophthalmological problems and hence less likely to have been able to bias the disease prevalence.
In conclusion, this study has highlighted a high prevalence of ocular lesions in aged horses which is not reflected in owner-reported disease. This has highlighted problems in obtaining information on ocular conditions from horse-owners. However, despite the high prevalence of ocular lesions in this study, the effects of these lesions in terms of vision impairment are small.
